Introduction
============

Sensory integration therapy is frequently performed by occupational therapists and pediatric practitioners as a service in schools. In the United States, the proportion of children who typically develop sensory integration dysfunction is 5%--10%.[@b1-ndt-8-475],[@b2-ndt-8-475] A study in Taiwan revealed that around 21%--28% of preschool children have sensory integration dysfunction.[@b3-ndt-8-475]

Under the least restrictive environmental provisions of the Special Education Act of Taiwan, related services initially implemented an itinerant program of school-based collaborative occupational therapy consultation in 1995. This multidisciplinary collaborative teaching model provides direct and indirect teaching services to kindergartens, and offers consultation services to parents and teachers. The teachers and occupational therapists form a professional team and develop individualized educational plans to meet the children's learning needs and to facilitate their adaptability. The indirect consultation service is most commonly provided because of the shortage of related service manpower, and limited attendance, space, and budgets in schools.

Preschool children with sensory integration dysfunction do not receive occupational therapy in hospitals. Sensory integration dysfunction, especially its attendant symptoms of sensory-seeking and overresponsivity, affects the performance of children in schools because it causes excessive movement[@b4-ndt-8-475] (eg, shaking the feet, rocking the chair, rolling on the floor, wriggling the body, and manipulating things excessively). Sensory integration dysfunction also causes hyperactivity,[@b5-ndt-8-475] an inability to sit still,[@b1-ndt-8-475] an urge to disturb other students, responsiveness to irrelevant stimulation,[@b6-ndt-8-475] inability to concentrate on relevant stimulation,[@b7-ndt-8-475] and inability to participate in class work. Although the sensory processing problems in children who typically develop sensory integration dysfunction are milder than those of children with developmental disorders, these problems still affect their capacity to undertake schoolwork.

Children seek multiple types of sensory information, including vestibular, proprioceptive, tactile, auditory, and olfactory information. Therefore, occupational therapists need to evaluate the pattern of sensory-seeking. Sensory processing strategies based on child-directed and sensory-rich experiences should be provided for children. The sensory modalities provided must also match the preference of children.

A recent article in a pediatrics journal proposed that occupational therapists and other health professionals use a sensory processing approach when children have difficulty participating in everyday activities. However, the effects of sensory-based therapies should be monitored.[@b8-ndt-8-475]

According to the theory of sensory integration, deep pressure and vestibular and proprioceptive input can modulate the processing of sensory information in the reticular formation and limbic system,[@b9-ndt-8-475] achieve the ideal level of alertness in the central nervous system,[@b10-ndt-8-475],[@b11-ndt-8-475] and reduce excessive actions and activity levels. Based on this theory, occupational therapists can provide activities that can be executed in the classroom. For example, the children may be required to sit on a ball chair or water cushion to enhance vestibular perception. They can also be asked to wear a weighted vest, carry a school bag with a water-filled bottle on their back, or sit on a T-stool during lessons to improve proprioception. The children may also be required to grasp or press clay to enhance tactile input and adjust the level of alertness in their central nervous system.

Previous studies of sensory processing strategies have focused on weighted vests, seat cushions, and ball chairs. A study of the effectiveness of a weighted vest found that it could increase goal-directed play in children with developmental disorder or delay.[@b12-ndt-8-475],[@b13-ndt-8-475] Wearing a weighted vest could also reduce nonengagement play,[@b12-ndt-8-475],[@b13-ndt-8-475] increase attention to tasking, decrease self-stimulatory behaviors,[@b13-ndt-8-475],[@b14-ndt-8-475] and improve on-task behavior during fine motor activities in the classroom.[@b13-ndt-8-475],[@b15-ndt-8-475] Sitting on a cushion can improve attention.[@b6-ndt-8-475] Sitting on a ball chair can improve in-seat behavior and legible word productivity in children with attention deficit-hyperactivity disorder,[@b16-ndt-8-475] and promote engagement and inseat behavior in children with autism spectrum disorder.[@b17-ndt-8-475] Teachers also confirm that use of a ball demonstrates social validity. Bagatell et al propose that the characteristics of children with autism spectrum disorder should be considered in the provision of a ball chair, because the ball can increase the in-seat behavior of children, characterized by vestibular-proprioceptive seeking, although it has a negative effect in children with poor postural stability.[@b18-ndt-8-475] However, some studies have shown that using weighted or pressure vests has no significant effect.[@b19-ndt-8-475]--[@b21-ndt-8-475]

The sensory processing strategies suggested by occupational therapists have clearly benefited general education teachers.[@b22-ndt-8-475] According to Hanft and Shepard, the sensory processing strategies used in inclusive classrooms are better than those used in biweekly hospital treatments, especially during in the preschool age group.[@b23-ndt-8-475]

Many studies of the effectiveness of sensory processing strategies were developed using a single-subject research design. These studies are limited to generalizations of clinical practice, while others focus on individual cases or other situations. Most of the earlier studies tested the use of a single sensory strategy, such as a weighted vest,[@b12-ndt-8-475],[@b14-ndt-8-475],[@b15-ndt-8-475],[@b20-ndt-8-475],[@b21-ndt-8-475],[@b24-ndt-8-475] ball chair,[@b18-ndt-8-475] or seat cushion.[@b6-ndt-8-475] Although these studies could discuss a single sensory strategy in depth, use of such a strategy is not sufficient to achieve the objective of educational plans at the individual level or to meet the needs of children in the classroom. In addition, although previous sensory processing strategies are valid, some studies have revealed their negative effects due to methodological weakness[@b19-ndt-8-475] or to the use of only one sensory processing strategy. For example, subjects in some studies could not direct their head or eyes to the teacher,[@b21-ndt-8-475] and instead disturbed other children participating in class activity.[@b20-ndt-8-475] Individual differences in physiological responses and the unique features of sensory processing cause sensory demands to vary according to person and time.[@b25-ndt-8-475],[@b26-ndt-8-475] Generally, sensory demands involve more than one sensory system[@b25-ndt-8-475] or strategy.

Therefore, this research considered internal and external validity in implementing the experimental design. In this study, we analyzed sensory processing problems in children and provided consultation for teachers in a classroom setting for 8 weeks. We also provided practical, graded tactile, proprioceptive, and vestibular input required by children with sensory integration dysfunction to influence their activity level. The viewpoint of teachers regarding the effect of sensory processing strategies was investigated as well. The findings of this study could guide occupational therapists in schools concerning the implementation of sensory processing strategies.

We tested two hypotheses derived from the research literature and from the clinical experience of sensory processing strategies for children aged 3--6 years with sensory integration dysfunction. These hypotheses were that the activity level is significantly reduced after use of sensory processing strategies and that improvement in activity level would be significantly greater in an intervention group than in a control group.

Materials and methods
=====================

Design
------

This study used a matching-only pretest--posttest control group design with random assignment to a control or intervention group. The design aimed to determine the effectiveness of sensory processing strategies in improving activity level, energy expenditure, activity intensity, and feet-swinging episodes. The intervention group received a school-day intervention for 8 weeks, which involved sensory processing strategies for 1--2 hours a day 5 days a week. The control group did not receive any such intervention.

Participants
------------

The study initially conducted a sensory processing function screening in four public or private kindergartens in three towns in central Taiwan. A total of 326 preschool children aged 3--6 years took the screening test. Only 38 children met the inclusion criteria. Because two students transferred to another school during the study period, the study participants were reduced to 36 children. The inclusion criteria considered children: who ranked in the 73rd percentile or higher on the Test of Sensory Integration Function, and on each of its three subtests related to the study (ie, sensory modulation, sensory seeking, and attention); who did not receive any sensory integration treatment during or before the study; and who could be matched to the intervention and control groups. Exclusion criteria were: developmental disorder, such as cerebral palsy, autism, or mental retardation; non-compliance with classroom rules for using the sensory device; lack of parental permission to participate in the study; and transfer to another school during the study period.

Outcome measures
----------------

The Test of Sensory Integration Function was developed in 2004 to identify sensory integration dysfunction. Its subtests are as follows: postural movement, bilateral integration sequencing, sensory discrimination, sensory modulation, sensory searching, attention and activity levels, and emotional behavior.[@b27-ndt-8-475] Each item is scored on a five-point Likert scale. The range of possible raw scores on the total scale is 98--490, with higher scores indicating poorer performance. Answering the entire questionnaire takes teachers 20 minutes. A percentile rank of 73--84 indicates poor sensory integration function, 85--94 indicates border-line function, and ≥95 indicates deficient function.[@b28-ndt-8-475] This research tool has strong test-retest reliability (0.87), and the seven subscales have acceptable construct validity.[@b28-ndt-8-475] The Test of Sensory Integration Function was used to select candidates for this research, and to classify sensory problems into being vestibular, proprioceptive, or tactile in nature, or a combination of two or three of these.

The Actical^®^ physical activity monitor (Mini Mitter Company, Bend, OR) was used to measure the dependent variable. This device uses an accelerometer to monitor the appearance and intensity of motion. Its omnidirectional sensor integrates the amplitude and frequency of motion in all directions, and produces an electrical current that varies in magnitude. An increase in intensity of motion causes an increase in voltage. The Actical device stores this information on movement in the form of activity counts. It uses four dependent variables, ie, activity level, energy expenditure, activity intensity, and feet-swinging episodes, to measure physical activity.

The sampling epoch, ie, the data collection unit, is one minute. The activity level is the average total number of activity counts within an epoch. The Actical device converts activity counts into energy units (calories). The energy expenditure equals activity level by weight, which indicates calorie consumption. Activity intensity can be categorized into four classes, as follows: a sedentary state, such as when sleeping and being still; light activity, such as playing a game console; moderate activity, such as walking, cleaning, aerobics, or ball tossing; and vigorous activity, such as treadmill exercise or jogging. The demarcation points of the four classes of activity intensity are 0.01, 0.04, and 1.00 kcal/kg/min, respectively.[@b29-ndt-8-475] Step number refers to the number of feet-swinging episodes while walking and number of times the feet are wriggled during the measurement period. A monitor is constantly attached to the right ankle of the participant. The Actical device can accurately measure the level of indoor activity, energy expenditure, and frequency and intensity of activity.[@b30-ndt-8-475]

Procedures
----------

Without any prior contact with potential participants, the researchers invited kindergartens from three towns in central Taiwan to participate in the study. Four kindergartens agreed to participate. The directors of the kindergartens assisted by sending letters of request for consent to parents. After written consent was received from the parents, the Test of Sensory Integration Function (ie, the screening test) was administered by the teachers to 326 children aged 3--6 years from the four kindergartens. During the preliminary examinations, the teachers did not know the groups to which the children would be assigned. Subjects who met the research criteria were randomly divided into two groups. Matched random sampling was used to assign participants who had relative sensory integration dysfunction based on the results of their Test of Sensory Integration Function assessment. This step ensured that each group had an equal number of participants. Before the intervention, the participants were monitored by the Actical device to collect data during the theme curriculum in the classroom. The researchers and occupational therapists explained the use, rules, functions, and possible adverse events associated with each sensory device to the 12 teachers allocated to the intervention group. The rules did not permit playing with the sensory device, damaging the device, or attacking other participants. For example, subjects were prohibited from throwing the ball to another person, piercing it, or bouncing it vigorously.

The study classified sensory processing into four types based on our sensory list. The first type is the vestibular sensory type, which is often applied when using a ball chair, a rocking horse, or a water cushion. The second is the proprioceptive sensory type, which is applied when using a weighted vest, a heavy schoolbag weighing 5% of the child's weight, a T-stool, or a sand ball. The third is the tactile type, which is applied when using a tactile wedge, clay, bar, ball, neck tactile ring, or a bean bag. The fourth is the mixed type. A ball chair and a T-stool were placed inside a carton box at knee height to avoid gliding and for stability. The teachers were instructed by the occupational therapists to provide the children with the relative sensory modalities during implementation of the recommended theme curriculum. For example, when a child had vestibular sensory problems, according to their result on the Test of Sensory Integration Function, vestibular sensory devices were provided, such as the ball chair, rocking horse, and water cushion.

The preschool teachers routinely implemented these sensorimotor activities from 9 am to 11 am. The teacher recorded the children's reactions daily on recording sheets. The researchers discussed the reactions and the sensory strategies used in the classroom with the teachers to generate references during the fortnightly adjustment of sensory devices from the sensory list of the same sensory type. The adjustment sensory input method consisted of a new sensory input provided in the relevant sensory system problem. After completing the intervention, the teachers answered the survey questionnaire about the effect of the sensory strategies. The items in the questionnaire were as follows:

-   Do you agree that this sensory processing strategy could be integrated into teaching activities?

-   What did you think the improvement in activity levels was for the children in your class?

-   Did you want to continue the sensory processing strategy after the end of the intervention period?

-   What was the most effective sensory device used by children in your class?

Data analysis
-------------

We used the Statistical Package for Social Sciences (SPSS) version 13.0 (IBM Corporation, Armonk, NY) to test for differences between the results of the pretest and posttest activity levels, energy expenditure, intensity of activity, and foot-swinging episodes measured. The paired *t*-test was used to test for differences in progress between the pretest and posttest in the two groups. The d value developed by Cohen[@b31-ndt-8-475] was used to evaluate the effect size of the intervention. The criterion for statistical significance was set at 0.05 in this study.

Results
=======

The mean age of the 36 subjects was 64.64 ± 0.06 (range 36--72) months. The intervention and control groups comprised 18 participants each. The intervention group comprised nine girls and nine boys, whose mean age was 66.33 ± 7.84 months. The control group comprised ten boys (55.56%) and eight girls (44.44%), whose mean age was 62.94 ± 10.06 months. The ratio of males to females and the ages of the intervention group and the control group were not significantly different.

The paired *t*-test was used to determine whether the pretests for the two groups were equivalent in design. The pretest did not reach statistical significance in either group in terms of activity level (*t*\[34\] = 0.34, *P* = 0.73), energy expenditure (*t*\[34\] = 1.08, *P* = 0.29), intensity of activity (*t*\[34\] = 0.68, *P* = 0.5), or foot-swinging episodes (*t*\[34\] = 0.78, *P* = 0.44).

The paired one-tailed *t*-test was used to determine if any significant improvement occurred after the posttest at 2 months. The intervention group showed a significant difference in terms of activity level (*t*\[17\] = 2.09, *P* = 0.03) and feet-swinging episodes (*t*\[17\] = 2.26, *P* = 0.02). The mean pretest activity level in the intervention group was 265.63 activity counts, while the mean posttest activity level was 163.03 activity counts ([Table 1](#t1-ndt-8-475){ref-type="table"}).

Therefore, each the activity level decreased by 102.6 activity counts per minute on average. The intervention effect size was *d* = 0.43. The number of foot swings per second decreased by 3.78. The intervention effect size was *d* = 0.52. The effect was of medium size. However, the energy expenditure and activity level of the intervention group improved, but did not reach a statistically significant level. The four physical activity indices of the pretest and posttest in the control group did not reach statistical significance.

With regard to the matching group method, the paired *t-*test was used to compare differences in terms of activity level, energy expenditure, activity intensity, and foot-swinging episodes between the two groups. The change in these aspects was larger in the intervention group than in the control group ([Table 2](#t2-ndt-8-475){ref-type="table"}), although the difference did not reach statistical significance.

The effect of the questionnaire was completed within 1 week after the period of intervention. Ten teachers (83.3%) agreed that the sensory processing strategy could be integrated into teaching activities. They also observed improvement in the children's activity levels. The teachers reported that the impressive improvements seen in participants using the sensory device in class included more focus in class, better emotional behavior, a longer attention span, sitting quietly for longer, less shaking of their feet and playing with small objects, and less chair rocking. Nine teachers (75%) wanted to continue the sensory processing strategy after the intervention period. In the teachers' opinion, the most effective sensory devices were the clay and heavy school bag. The second most effective devices were the water cushion, ball chair, and tactile ball. The rocking horse was disruptive in class because it drew too much attention, causing the children to ignore the teacher. One teacher commented that when the children held the tactile ball, their activity level was reduced. However, the teacher was afraid that their attention would remain on the tactile ball instead of on the lesson. One teacher remarked that the sensory process strategy led to more time and attention being spent on whether the children followed the rules for its use, and she expressed a limited desire to use the strategy in class.

Discussion
==========

The objective of this study was to determine how sensory processing strategies in the theme curriculum could reduce excessive activity levels in children with sensory integration dysfunction. We found that vestibular perception, proprioceptive perception, and tactile sensory processing strategies could reduce activity levels and foot-swinging episodes in children with sensory integration dysfunction. The activity level improved in the intervention group. However, the degree of improvement was insufficient to exclude a developmental effect. The lack of a statistically significant difference might reflect the inadequate curative period which, in this study, was only 8 school weeks. The treatment effect in this study and in previous studies did not reach statistical significance, mainly because of the short intervention period. For example, Reichow et al reported a treatment period for a weighted vest lasting 20 school days,[@b21-ndt-8-475] with intervention using the same method lasting for only 2 weeks in 2009.[@b20-ndt-8-475] A longer intervention period could show a significant treatment effect. Correspondingly, the ball chair intervention reported by Schilling et al lasted 12 weeks,[@b16-ndt-8-475] the sensory processing strategy intervention reported by Case-Smith and Bryan lasted 10 weeks,[@b12-ndt-8-475] and the intervention reported by Schaaf and Nightlinger lasted 10 months.[@b32-ndt-8-475]

Our study involved a limited number of subjects in the intervention group, raising the question of a type II error accounting for the lack of a significant difference in progress of the two groups. Another limitation of the study was the narrow geographic location of the sample. Therefore, we recommend that future studies increase the number of subjects in the intervention group.

The study reported by Miller et al on the effectiveness of occupational therapy using a sensory integration approach adopted a one-group pretest and posttest design, and the result was the same as that for the intervention group in our study, indicating that the activity level of sensory-seeking can be reduced.[@b33-ndt-8-475] The study focus on previous sensory processing strategies in attention deficit-hyperactivity disorder children has involved in-seat or on-task behavior. Pfeiffer et al used self-control and behavior regulations to measure on-task behavior.[@b6-ndt-8-475] Schilling et al[@b16-ndt-8-475] and Schilling and Schwartz[@b17-ndt-8-475] measured in-seat behavior, while VandenBerg measured on-task seconds.[@b15-ndt-8-475] The current study is different because it measured activity levels. Therefore, it contributes to the knowledge of the effect of sensory processing in classroom practice.

Energy expenditure is equal to the activity level converted into calories by weight. Thus, it represents the energy expenditure of each person per minute. The value of the standard deviation for energy expenditure pretest and posttest in the intervention group was higher than that of the mean score. The individual energy expenditure difference in the intervention group was very high, while the standard deviation was large. The individual difference in the control group was smaller. The average calorie consumption per minute in the teaching activity of the classroom theme curriculum corresponded to the sedentary class of activity intensity. Activity intensity, measured by an ordinal scale, indicates the energy expenditure in the classroom activity. Thus, it is not sensitive enough to monitor the change of activity intensity between pretest and posttest.

In this study, the Actical physical activity monitor was attached to the right ankle of each study participant, using a belt in the proper orientation of the sensor to avoid attracting the attention of other children. The instrument was innovative and exciting for the children, and encouraged them to demonstrate it to other students. The psychological factor increased the number of foot swings. The pretest--posttest control group design of this study would be able to eliminate the influence of such a factor.

Our study screened children who complied with the criterion of being higher than the 73th percentile and identified 326 children, but only 36 subjects met the criteria for inclusion in this research. According to the test data, the Test of Sensory Integration Function score of 67% in the intervention group and 45% in the control group was at the 73rd to 84th percentile, indicating mild sensory integration dysfunction. The limited number of participants in the current study made classification according to dysfunction level impossible. Future studies should investigate the extent of the effect of intervention on sensory integration dysfunction.

Conclusion
==========

Sensory processing strategies could improve activity levels and number of foot swings in children with sensory integration dysfunction, but could not exclude a developmental effect. Sensory processing multistrategies can be integrated into the theme curriculum.
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###### 

Effects of sensory processing strategies on activity level, energy expenditure, and activity intensity steps

  Variable    Treatment   Control                                                
  ----------- ----------- --------- -------- -------- -------- -------- -------- --------
  AL          265.63      239.10    163.03   131.98   239.49   217.10   157.74   103.13
  EE          0.03        0.05      0.02     0.03     0.02     0.01     0.02     0.01
  AI          1.82        0.37      1.68     0.40     1.73     0.42     1.64     0.33
  Steps (n)   11.23       7.33      7.45     6.07     9.44     6.53     7.36     5.02

**Note:** Step number refers to the number of steps while walking and number of times wriggling the feet during the measurement period.

**Abbreviations:** AI, activity intensity; AL, activity level; EE, energy expenditure; M, mean; SD, standard deviation.

###### 

Difference of posttest--pretest on dependent variables of two groups

  ------------------------------------------------------------------------------------------------------------------
              Treatment\                     Control\                       Paired *t*   *P*-value          
              Difference posttest--pretest   Difference posttest--pretest                                   
  ----------- ------------------------------ ------------------------------ ------------ ----------- ------ --------
  AL          −102.60                        207.84                         −81.75       221.03      0.29   \>0.05

  EE          −3.78                          7.08                           −2.09        7.14        0.40   \>0.05

  AI          −0.01                          0.05                           0.00         0.01        0.40   \>0.05

  Steps (n)   −0.14                          0.35                           −0.09        0.44        0.72   \>0.05
  ------------------------------------------------------------------------------------------------------------------

**Note:** Step number refers to the number of steps while walking and number of times wriggling the feet during the measurement period.

**Abbreviations:** AI, activity intensity; AL, activity level; EE, energy expenditure; M, mean; SD, standard deviation.
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